Two cases of benign neurogenic amyotrophy associated with Klinefelter's syndrome are reported. Both presented with slowly progressive, diffuse neurogenic muscle atrophy of juvenile onset. Both had a karyotype of XXY. Amplification, by the polymerase chain reaction, of a fragment of androgen receptor that was related to bulbospinal muscular atrophy, showed no abnormality. Treatment with androgen in one case provided no benefit. Benign neurogenic amyotrophy in the Klinefelter's syndrome is likely to be an independent type of motor neuron disease and suggests that the X chromosome plays an important part in the biology of motor neurons. 
Case reports Case 1 A man of 46 had been thin since childhood. At school, he was the slowest at running and never able to lift himself above a horizontal bar in the gymnasium. In his twenties and thirties, he was a manual worker and aware that despite being right handed, his right arm was thinner than his left. At the age of 40, the weakness of his right arm became worse . i- group.bmj.com on January 28, 2018 -Published by http://jnnp.bmj.com/ Downloaded from Benign neurogenic amyotrophy in Klinefelter's syndrome Case 2 A man of 29 had a waddling gait at the age of 10. He was mentally retarded to a mild degree. At school, he was unable to run or jump. Aged 17 he started to fall and often had cramps in his legs. Atrophy of the leg muscles was noted and he had an operation to elongate his left Achilles tendon. The weakness and atrophy of the leg muscles progressed gradually in the next 12 years. Before he attended our clinic, the neurologists at another hospital had made a diagnosis of amyotrophic lateral sclerosis.
He was a tall (height 179 cm), thin (weight 58 kg) man with a mild degree of gynaecomastia and testicular atrophy. His tongue was not atrophied. The jaw jerk was normal. All the leg muscles were atrophied and weak (fig lb). There were no fasciculations. The legs were spastic and the knee and ankle jerks brisk. The plantar responses were extensor bilaterally. There was no sensory deficit or ataxia. On the Wechsler adult intelligence scale, his performance IQ was 93, verbal IQ 69, and total IQ 79, all in the borderline range.
Serum creatine kinase activity, testosterone concentration, and other blood and cerebrospinal fluid tests were normal. His karyotype was XXY. The plain radiograph of the cervical vertebrae showed fusion of the vertebral bodies C2 and C3 without basilar impression. Myelography followed by CT myelography did not show stenosis of the spinal canal or any other abnormality.
The EMG of the anterior and posterior tibial muscles showed neuromuscular units of high amplitude and long duration indicating neurogenic processes. Motor and sensory nerve conduction velocites were normal.
Histological investigations: both cases Muscle biopsies were taken from both cases. Frozen sections of 8 ,um were cut. They were stained with haematoxylin-eosin, Gomori trichrome, NADH-TR, periodic acid-Schiff reaction, and myosin ATPase (pH 4-2, 4-6, and 9 4). Other portions of muscle were processed for electron microscopy. A sural nerve biopsy from case 2 was embedded in epoxyresin and examined by light and electron microscopy.
In the rectus femoris muscle of case 1, there were groups of small angulated fibres (fig 2a) , which often harboured clusters of (fig 2b) . A histogram of fibre diameter, examined on sections stained with myosin ATPase (pH 9 4) revealed atrophied fibres of both types 1 and 2.
Molecular biological investigations: both cases As the present cases had considerable similarity with bulbospinal muscular atrophy,2 the androgen receptor CAG repeat on the long arm of the X chromosome was amplified by the polymerase chain reaction.' Normal controls and cases 1 and 2 showed products with a size of 405-450 base pairs, whereas cases of bulbospinal muscular atrophy showed products of around 500 base pairs.
Discussion
Patients with Klinefelter's syndrome are described as having long slender extremities with poorly developed musculature.' The present cases had weakness that disturbed their daily lives, clearly exceeding the mere tendency to poor general physique. Klinefelter's syndrome is associated with various neurological disturbances, including mental retardation, epilepsy, and essential tremor. In terms of neurogenic muscular atrophy, however, only a few cases have been reported and not all of them were fully investigated.
Case 2 of Nielsen' was a man of 65 with diffuse muscle atrophy. The EMG and muscle biopsy showed neurogenic changes. Jenkins and Ferriman4 described a man of 42 with peroneal muscular atrophy. The nature of the atrophy was not clear.
The present cases and Nielsen's case 2' had much in common. They had Klinefelter's syndrome and the karyotype XXY without any familial stigmata of muscle atrophy. They showed diffuse neurogenic muscular atrophy that progressed slowly over many years. There were a few points, however, which differed. Our case 2 had bilateral extensor plantar responses. The absence of cord compression on myelography does not preclude the possibility that the Klippel-Feil anomaly is responsible for it. Alternatively the upper and lower motor neurons may be affected by a common cause. Case 2 of Nielsen' had a mild degree of sensory impairment in the legs.
The muscle biopsies in our cases showed changes typical of chronic neurogenic muscle atrophy.5 They include clusters of small angulated atrophic muscle fibres beside normal or often hypertrophic fibres. Fibre type grouping may be a sole abnormality in an early stage of neurogenic muscular atrophy. Matsubara, Yoshino, Takamori Absence of abnormality in the nerve conduction velocities and nerve biopsy and the occurrence of brisk tendon reflexes in case 2 are more in keeping with motor neuron disease than peripheral neuropathy.
Both of our present cases resembled bulbospinal muscular atrophy in regard to feminisation and neurogenic muscular atrophy and case 1 in regard to hand tremors. Bulbar symptoms, which are one of the hallmarks of bulbospinal muscular atrophy, were, however, absent. As all 20 Japanese cases of bulbospinal muscular atrophy that we have examined so far showed polymerase chain reaction products of abnormal length (unpublished data), the present cases are unlikely to have bulbospinal muscular atrophy.
The clinical features of the present cases and the case of Nielsen suggest that the involvement of motor neurons in Klinefelter's syndrome is a rare condition. It may be a fortuitous association of Klinefelter's syndrome and motor neuron disease. The clinical course of the present cases resembled that of hereditary motor neuron disease6 rather than sporadic amyotrophic lateral sclerosis, which is far commoner, yet none of our cases had a family history of motor neuron disease. These points accord with out hypothesis that motor neuron disease is related to Klinefelter's syndrome.
Androgens prevent loss of motor neurons in rats. 7 Whether the presence of an extra X chromosome or androgen deficiency play a part in the motor neuron involvement remains to be elucidated.
